ABsTRACT
InTRODuCTIOn
Upper tract urothelial carcinoma (UTUC) is a rare disease that accounts for approximately 5% of all urothelial malignancies (1) . Although radical nephroureterectomy (RNU) has been considered standard care for treating localized UTUC, 45-60% of patients with locally advanced disease will relapse after extirpative surgery alone (2) . In a large multicenter collaborative study of 1.363 patients treated with RNU, Margulis et Al. (3) reported 5-year survival rates of 74.7%, 54%, 35.3%, and 12.2% for pT2, pT3, N+and pT4, respectively. Contemporary analyses indicate that there has been no improvement in survival rates in the past several decades for patients with high-grade disease (4) .
Adjuvant chemotherapy with agents for metastatic disease may be reasonable in treating locally advanced UTUC associated with poor survival. However, there is no standard ized therapy conferring a survival benefit after RNU, as there have been no controlled trials that explored the efficacy of adjuvant chemotherapy in this setting. Most evidence for the treatment of patients with UTUC may be extrapolated from experience with bladder cancer.
The rarity of UTUC has resulted in a paucity of literature on adjuvant chemotherapy and its role in the treatment of high-risk UTUC (5) . Previously, we reported the efficacy of adjuvant chemotherapy in patients with invasive UTUC (6) . In this study, we sought to give an update by reporting the long-term outcome and role of adjuvant chemotherapy in the treatment of locally advanced UTUC after RNU.
MATERIALs AnD METhODs
This study was approved by the institutional review board. We performed a retrospective review of 374 patients who underwent radical nephroureterectomy (RNU) at Seoul National University Hospital from 1993 to 2010. RNU was performed according to standard procedures, and the regional lymph nodes were generally resected if intraoperatively palpable or preoperatively enlarged during evaluation. Patients with incomplete data, localized disease (≤ pT2Nx/0M0), distant metastasis (pTany and pNany and M1), no urothelial carcinoma, administration of neoadjuvant chemotherapy or administration of less than 3 cycles of adjuvant chemotherapy were excluded. To meet criteria for adjuvant chemotherapy, treatment must have been started within 3 months of undergoing RNU. Cisplatin-based chemotherapy was the most common regimen, depending on patient eligibility and renal function, as described previously ( Figure-1) (6) .
Pathological specimens were evaluated by a staff pathologist with genitourinary expertise. All specimens were histologically confirmed to be urothelial carcinoma. Staging was done according to the 2010 American Joint Committee on Cancer classification and grading according to the 1998 WHO system. Lymphovascular invasion (LVI) was defined as the presence of tumor cells within an endothelium-lined space without underlying muscular walls. The presence of concomitant carcinoma in situ (CIS) was assessed in every representative section. Tumor location was defined as renal pelvic, ureteral or both. Tumor multifocality was defined as the synchronous presence of 2 or more pathologically confirmed tumors in any location (renal pelvis, ureter or both). Tumor necrosis was defined as the presence of microscopic coagulative necrosis in more than 10% of the tumor.
Patients were evaluated every 3-4 months for the first two years, every 6 months for the next two years, and then annually thereafter. Follow-up consisted of history taking, physical examination, blood tests, urine cytology, cystoscopy, chest X--ray, abdominopelvic computed tomographic (CT) scan, and bone scan. Survival was evaluated from the date of surgery to last follow-up or death. Patients who were alive with or without disease were censored from the relevant analyses. Cause of death was determined by the responsible physicians and death certificates. Perioperative deaths occurring within 30 days of surgery were censored from disease-specific survival analyses.
Statistical Analyses
For statistical analysis, the characteristics of adjuvant and non-adjuvant groups were compared. A chi-squared or Fisher's exact test was used for categorical variables and a Student's t-test for age and body mass index. Outcomes were measured by disease-specific survival (DSS) and overall survival (OS) based on chemotherapy status between the cohorts. Survival was calculated using the Kaplan-Meier method and compared using a log-rank test. To adjust for the effect of potential confounders, multivariate analyses using Cox proportional hazards model were conducted. Significant variables showing less than 0.05 of two sided p-value in the univariate analyses were entered into a multivariate analysis. The assessed variables were gender, age, body mass index, American Society of Anesthesiologists (ASA) score, previous or concomitant bladder cancer, preoperative ureteroscopy, bladder cuffing, tumor location, multifocality, hydronephrosis, tumor grade, concomitant CIS, LVI, tumor necrosis, margin status and pN stage. Pathologic T stage was not included in the multivariate model, as most pathologic T stage was pT3. However, administration of adjuvant chemotherapy was regarded as a main variable of interest and forced into the multivariate model. The same analysis was also performed for testing in a subgroup that received only cisplatin-based adjuvant chemotherapy. All statistical tests were performed with SPSS software (SPSS Inc., Chicago, IL, USA). All reported P values were two-sided, and significance was set at P<0.05.
REsuLTs
Table-1 compares the characteristics of patients who did not receive adjuvant chemotherapy (n=72) and those who received adjuvant chemotherapy (n=66) or cisplatin-based adjuvant chemotherapy (n=59). Patients who received adjuvant chemotherapy were younger than those who did not (p=0.001). The adjuvant chemotherapy group was more likely to have a lower ASA score (p=0.006), less previous or concomitant bladder cancer (p=0.001) and more concomitant CIS (p=0.014). Other variables were similar between groups.
Overall median follow-up period was 48.7 months (interquartile range: 29.2-96.9 months). The median follow-up was 46.8 months (interquartile range: 28.9-101.3 months) for the non--adjuvant chemotherapy group and 52.8 months (interquartile range: 33.3-110.1 months) for the adjuvant chemotherapy group (p=0.469). In the entire population, 69 (50.0%) died of any cause and 52 deaths (37.7%) were attributable to UTUC. The 3-and 5-year DSS rates were 76.0% and 69.9% for the non-adjuvant chemotherapy group versus 74.6% and 54.5% for the adjuvant chemotherapy group (p=0.301, log-rank test) ( Figure-2A ). OS rates for the same time period were 70.1% and 62.9% for the non-adjuvant chemotherapy group versus 73.8% and 53.2% for the adjuvant chemotherapy group (p=0.931, log-rank test) ( Figure-2B ). Table-2 shows the multivariate Cox regression model for predicting DSS after surgery in total patients. Bladder cuffing, LVI, and margin status were significantly associated with DSS, while We compared the non-adjuvant chemotherapy group (n=72) to the cisplatin-based adjuvant chemotherapy group (n=59) (Supplementary Table-1). There was no significant difference between the two groups in terms of DSS (p=0.193, log-rank test) (Supplementary Figure-1A ) and OS (p=0.719, log-rank test) (Supplementary Figure-1B 
DIsCussIOn
Although UTUC is morphologically similar to bladder cancer, there are occasional phenotypic and genotypic (genetic and epigenetic) differences between UTUC and bladder cancer (4). Furthermore, the natural history of UTUC is different from bladder cancer, with >60% of UTUCs and only 15-25% of bladder cancer presenting with invasion at diagnosis (1, 7) . Therefore, data generated from bladder cancer studies cannot always be extrapolated to patients with UTUC (8) .
Urothelial carcinoma of the bladder is considered to be relatively chemosensitive. The survival benefit of neoadjuvant chemotherapy before radical cystectomy in patients with invasive bladder cancer has been demonstrated (9) . However, the efficacy of adjuvant chemotherapy after radical cystectomy remains controversial (10). Results of adjuvant chemotherapy studies for UTUC are also contradictory. For UTUC, adjuvant chemothe-rapy provided a therapeutic benefit in some studies (6, 11, 12) , while there was no significant difference in outcomes between adjuvant and non-adjuvant chemotherapy groups in others (13) (14) (15) (16) (17) (18) . This discordance probably accounts for the inconsistent use of chemotherapy for locally advanced UTUC. Still, most patients are not candidates for cisplatin-based chemotherapy after RNU, primarily due to impaired renal function. Lane et al. (19) reported that 61% of all patients and 49% of high-risk patients who could have received chemotherapy preoperatively were unable to receive treatment after RNU.
There is no definite evidence showing that conventional M-VAC regimen significantly prolongs survival as an adjuvant treatment arm for patients with locally advanced UTUC. Lee et al. (18) investigated 27 patients who underwent RNU for pT3N0M0 UTUC with a median follow-up of 47 months. Sixteen patients received chemotherapy (M-VAC regimen with three-four cycles) after RNU, and 11 did not. No evidence of significant differences in recurrence-free survival and DSS could be found between the two groups. In the study by Soga et al. (17) , adjuvant M-VAC could prevent bladder tumors following surgery for UTUC but did not show a survival benefit.
Hellenthal et al. (16) published data from an international multicenter study of 542 patients with pT3 or higher UTUC. Of these, 121 patients received adjuvant chemotherapy and chemotherapy that was cisplatin-based in 89% of cases (59% M-VAC and 20% GC). No significant differences in DSS or OS between the two groups were found. The selection of patients with more advanced disease could account for this finding. Another multi-institutional study analyzed 627 patients with T3 or higher UTUC, with 140 patients receiving adjuvant chemotherapy (mostly platinum-based). There was no evidence of extension of DSS or OS for patients treated with adjuvant chemotherapy (14) . In other studies, chemotherapy was only administered to patients with higher grade and stage tumors, including metastatic disease. Thus, it is likely that patient selection contributed to inconsistent findings. A multi-center study from 10 Canadian academic centers revealed that adjuvant chemotherapy was not prognostic for improved DSS or OS (15) .
However, retrospective studies have identified a benefit from adjuvant chemotherapy. Suzuki et al. (11) investigated the effectiveness of adjuvant chemotherapy in 56 patients with locally advanced bladder cancer or UTUC. Twenty patients underwent adjuvant chemotherapy (M--VAC or MEC) and 36 patients were controls. Adjuvant chemotherapy had a positive survival benefit in patients with node-positive disease, but did not affect survival of all patients. There was no distinction between UTUC and bladder cancer, making it difficult to draw definite conclusions for UTUC. Kawashima et al. (12) evaluated the data of 93 patients with pT3N0M0, and 38 received platinum-based adjuvant chemotherapy. In multivariate analysis, adjuvant chemotherapy was significantly associated with DSS.
Meta-analysis of adjuvant chemotherapy for UTUC demonstrated DSS and OS benefit with cisplatin-based adjuvant chemotherapy (20) . However, most studies examining adjuvant chemotherapy were retrospective and may suffer from substantial selection biases. First, patients with the worst prognostic factors were selected to receive adjuvant chemotherapy compared to counterparts undergoing observation; the proportion of patients who had pN+ disease and received adjuvant chemotherapy was higher than those not receiving adjuvant chemotherapy (15, 16) . Second, there are few studies with more than 50 patients, due to the low frequency of UTUC. Finally, the utility of adjuvant chemotherapy in UTUC may be limited given the decline in renal function following RNU, and renal excretion and inherent nephrotoxicity of cisplatin. The proportion of patients receiving adjuvant chemotherapy was three to four times smaller than those receiving surgery alone. Patients receiving adjuvant chemotherapy may have better renal function and performance status. Despite possible benefits, there is insufficient evidence to recommend routine use of cisplatin-based adjuvant chemotherapy for UTUC (20) .
Previously, we reported on 43 patients with a tumor stage pT2 or higher without metastasis (6). Twenty-two patients received adjuvant chemotherapy. All regimens contained platinum with the M-VAC scheme used most often. The follow-up period totaled 30.7 months. Results showed higher DSS and OS rates for patients with adjuvant chemotherapy. However, the study included a small number of patients and may have a selection bias if the chemotherapy group had a better performance status or less comorbidity than the non-chemotherapy group.
In this update, which is the largest single--center study to date to the best of our knowledge, we enrolled 138 patients with pT3, pT4, or N+and M0 UTUC. Sixty-six patients underwent adjuvant chemotherapy, and 72 patients were solely controlled. The median follow-up period was 48.7 months. We found that adjuvant chemotherapy did not significantly correlate with DSS or OS in patients with high-risk disease compared to patients receiving no adjuvant treatment. This study included a homogeneous group of patients with stage III or IV UTUC who initially received the same surgical treatment at a single institution.
Despite this advantage, limitations include the small number of patients and its retrospective non-randomized nature. Furthermore, the regimen and number of chemotherapy cycles varied. Still, we didn't consider disease-free survival (DFS) as a potential endpoint other than OS and DSS. If we analyzed the DFS in UTUC patients receiving adjuvant chemotherapy, it might have been that adjuvant chemotherapy prolongs the DFS. A large prospective randomized trial to verify our findings is expected, though it will be difficult to perform due to low incidence of UTUC.
COnCLusIOns
There does not appear to be a significant DSS or OS benefit associated with adjuvant chemotherapy. A prospective randomized clinical trial is needed to verify the effect of adjuvant chemotherapy on locally advanced UTUC and to determine whether this is due to the inherent biases of retrospective analysis, the limited efficacy of adjuvant chemotherapy, or the use of suboptimal regimen. In addition, efforts should be made to develop new chemotherapeutic agents and establish reliable criteria for patient selection in performing adjuvant chemotherapy.
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